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(57) Abstract 

A method for carrying out marine seismic surveys by using a seismic cable comprising a cable (2) and sensors (4) for detecting 
seismic signals, said sensors (4) comprising geophone units (6) which rest in the measuring positions on the ocean floor during measurement 
of the seismic signals and where the seismic cable is moved along die seabed to its next measuring position between the tneasurements. 
Before measurements are taken the geophone units (6) are subjected to vibrations so that the geophone units (6) assume a position in good 
contact with die ocean floor (3) and dig themselves down into it The invention also comprises a seismic cable for carrying out the method. 
Here the geophone units (6) are loosely attached within the frame structure (7) and are equipped with at least one vibrator (14) which is 
powered via the cable (2). 
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A Method f orundertaking Marine, Seismic Measurements, as 
well as a Seismic Sea-Bed Cable for Carrying out Said Method. 

The present invention relates to a method for performing 
marine seismic surveys by using a cable arranged on the sea 
bed and comprising geophone units and, the invention relates, 
moreover, to such a cable adapted for carrying out the stated 
method. 

To use such cables on the sea bed in the performance of 
seismic surveys in a marine environment is previously known. 
In this connection, reference is made to Norwegian printed 
specification No. 168,610 and US patent No. 4,870,625. 

From the above publications it is previously known to 
use a cable which at the time of survey rests on the ocean 
floor. Such a cable may be provided with geophones as well 
as hydrophones and, thus, can record both pressure and shear 
waves that originate from the seismic signals to be detected. 
A closer description of the survey conditions is given, inter 
alia, in the two above references. 

In practice it has proved to be difficult to obtain a 
sufficiently good and stable mechanical connection between 
the geophones and the sea bed while the survey takes place. 
This may lead to somewhat indefinite defection, in particular 
of the shear waves that form part of the seismic signals. 

The object of the present invention is to provide a 
method that leads to a more precise recording of the seismic 
signals than was previously the case, without increasing time 
consumption during the survey. Further, the object is to 
provide a simple and efficient cable for the performance of 
such a method and at the same time avoiding the drawbacks of 
previously known techniques. 

This is obtained by using a method and a cable on the 
sea bed in accordance with the appended patent claims. 

In order to give a more clear understanding of the 
present invention, reference is made to the description of 
the working examples detailed below, as well to as the accom- 
panying drawings, in which: 

Fig. 1 is a perspective view of how a cable can be dis- 



posed on the seabed, for instance by means of a 
submarine vessel 1, 
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Fig. 2 shows a schematic view of a sensor which can be 

used in connection with a seabed cable according to 

Fig. 1, 

Fig- 3 shows a sensor according to Fig. 2, but here shown 
5 in perspective view, and 

Fig. 4 shows more in detail the construction of the geo- 
phone unit which forms part of a sensor. 
It is pointed out that the same reference numerals are 
used in all the figures of drawings, to the extent that this 

10 is found serviceable; that the figures have not been drawn to 
true scale and that the figures show simplified embodiments 
of the invention, said simplifications having been carried 
out in order that the principle of the invention shall be 
illustrated in as simple a manner as possible. Finally, it 

15 is pointed out that the drawings only show one possible 
embodiment of the invention, which means that many other 
embodiments may be contemplated without going beyond the 
scope of the invention. 

Fig. 1 showns how a submarine vessel 1 can tow a cable 

20 on the seabed 3. It may be noted that the handling of the 

cable is, per se, previously known and lies outside the scope 
of the present invention. Details of *such handling are 
therefore not mentioned here, except that the submarine 
vessel 1 can be equipped with a seismic source 9. However, 

25 the seismic signals can also be generated by separate source- 
s. Likewise, a surface vessel can be used instead of a 
submarine vessel. 

Along the cable 2 itself, which forms part of the cable, 
sensors 4 are provided which can comprise both geophones and 

30 hydrophones. The distribution of the sensors 4 can be regu- 
lar or irregular along the cable 2, and the cable 2 normally 
has an extra weight at the end in the form of, for instance, 
an attached, drag chain 5 which helps to keep the entire 
length of the cable stretched out. It can also be noted that 

35 several such cables can be used in parallell on the sea bed 
and can then, for instance, be attached to a common trans- 
verse pull bar (not shown), which keeps the cables at a cons- 
tant distance from each other during tansport. As a typical 
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example the cable can have a length of 1-2 km and be equipped 
with approximately 100 sensors 4 at intervals of about 10 m. 

Under the vessel the cable may well be equipped with a 
termination box that may contain various electronic circuitry 
5 for data transmission. The cable 2 itself must be dimen- 
sioned to withstand pressure, cable weight and forces acting 
during towing. It can advantageously be reinforced with wire 
of Kevlar or similar materials that endure strong mechanical 
stress . 

10 The present invention relates in particular to the 

conditions prevailing during surveys, that is, while the 
cable lies immobile on the ocean floor. The survey is car- 
ried out while the cable lies at rest and when the survey is 
finished the cable is moved to the next measuring position. 

15 The problem of previously known cables on the sea bed 

has been that the geophone units, which can either constitute 
the entire sensor 4 or only a part thereof, does not get 
sufficiently good and reproducible contact with the sea bed 3 
during the survey process. As a consequence the measurement, 

20 in particular of seismic shear waves, can be somewhat uncer- 
tain, so that the result of such a survey can be misinter- 
preted. 

Fig. 2 showns how the geophone unit 6 is attached to the 
cable 2. The cable is here seen from above. 

25 The cable 2 contains elements for the transmission of 

mechanical tension , energy transmission, for instance in the 
form of electric power, and necessary signal transmission via 
the cable itself. The cable 2 is next connected to the 
sensor 4 by means of an intermediate connector 11. The 

30 sensor 4, as shown here, consists of two main parts, where 
the first one is a pressure container 12 for the hydrophone 
unit. The hydrophone may well be located separately in the 
box 12 and is protected from the environment. It is adapted 
to record and later remove reflected signals from the sur- 
* 35 face. This pressure container 12 can further contain an A/D 
converter, as well as the necessary processing equipment, for 
instance including a microprocessor and the necessary memory 
means . 
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The second part of the sensor 4 comprises the geophone 
unit 6 with its flexible connections that may be mechanical, 
electrical or even hydraulic or pneumatic. It is an advant- 
age that the specific weight of the geophone corresponds to 
the greatest possible extent to the specific weight of the 
material of the sea bed (specific gravity approximately 1.7). 
Moreover, the geophone unit can contain a data unit for 
signal digitalization and signal amplification. The data 
unit can also pre-process the data to a certain extent. 

It must further be mentioned that the elements that form 
part of the cable 2 are split into two parts which run 
internally in a symmetrically arranged frame structure 7 
which surrounds both the pressure container 12 and the geo- 
phone unit 6. The cable 2 is preferably equipped with 
branches within the frame structure 7 for the necessary 
connections to the hydrophone unit in the pressure container 
12 as well as to the geophone unit 6. Further the cable 2 
continues to the right through a new connector 15 and further 
leads via the next cable section 2 to the next sensor which 
preferably is of the same type as the one illustrated here, 
but which can also be of a somewhat different type. 

The most important feature of the present invention is, 
in addition to the frame structure 7 and its protective 
envelopment of the cable and the screening of the recording 
and sensitive elements of the sensor unit, the design of the 
geophone unit 6 itself. 

As appears from Figs. 2, 3 and 4 the geophone unit 6 is 
shaped as an elongated, cylindrical unit. It is only atta- 
ched to the cable 2 via a pressure container 12 and a frame 
structure 7 by means of flexible joints 8, 9, 10 of different 
types, all preferably located at the same end of the geophone 
unit. The figure showns a connector 8, a flexible group of 
cables 9 and a combined cap and connector 10 which leads to 
the active parts of the geophone unit 6. Altogether this 
connection can be mechanically ensured by a flexible suspen- 
sion 13 and the construction of all these components must of 
course be adapted to the cable construction in question, and 
the actual construction of the geophone unit. The most 
important condition is that there is a flexible connection 
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which allows the geophone unit 6 to move, within certain 
limitations, in all co-ordinate directions in relation to the 
frame structure 7. Thus, the suspension does not obstruct 
movement in direction X, Y or Z, nor does it obstruct a 
5 limited rotation of the geophone unit 6. If all the connec- 
tion joints 8, 9, 10, 13 are located close to each other at 
one end of the geophone unit 6, the geophone is also allowed 
to tilt transversely to the axis of the frame structure and 
the cable. 

10 When the cable with its sensors is towed along the ocean 

floor, this is done in the direction of the arrow 20 as shown 
in the figure. When the cable 2 lies at rest the geophone 
unit 6 will also lie at rest within the frame structure 7, 
however the purely local positioning of the geophone unit 

15 on the ocean floor will depend on the topography of the 

immediate location. It may well happen, therefore, that the 
geophone unit 6 assumes an unstable position on a stone or 
the like, or the geophone unit 6 may lie on a soft, organic 
material which gives a poor mechanical connection between the 

20 geophone unit and the ocean floor 3 beneath. 

In order that the geophone unit 6 shall have best poss- 
ible mechanical contact with the sea bed 3 a vibrator 14 is 
provided at the free end of the geophone unit 6. As soon as 
the cable 2 is put to rest on the ocean floor 3, the vibrator 

25 14, being powered through the cable 2, is put into operation 
which in part will result in geophone unit 6 being shaken 
into a suitable position on the ocean floor 3 and in part 
result in the geophone unit's 6 more or less sinking down 
into the ocean floor 3. This is of course dependent on the 

30 general character of the ocean floor, but nevertheless the 
mechanical connection between the geophone unit 6 and the 
ocena floor 3 will be substantially stronger than in previous 
solutions. 

The vibrator 14 which preferably is located at the free 
35 end of the geophone unit 6 can be constructed in many ways 

and can be powered by different means. In a preferred embod- 
iment best shown in Fig. 4, the vibrator 14 comprises an 
electrically or hydraulically run rotating motor 16 which is 
equipped with an eccentric balance wheel with an assymmetric 
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weight 17. If the motor is electric, it should be surrounded 
by magnetic screening 24 in order not to influence the 
compass, and should moreover be located at a distance as far 
as possible from it. The balance wheel is enclosed in the 
geophone unit itself. When the eccentric balance wheel 
rotates at great speed, this will entail that the free end of 
the geophone unit 6 will seek to move rapidly with small 
circular movements. It is therefore an advantage that the 
eccentric balance wheel is located at the part of the geo- 
phone unit 6 which has the greatest freedom of movement. If 
the environment is not too rigid the particles near the 
geophone unit 6 will be pushed aside and the geophone unit 6 
will bury itself in mud and particles on the floor 3, and 
form good mechanical connection with it, so that the seismic 
signals in the form of shear waves which move through, and 
partly are reflected by, supporting formations, will be 
transferred to the three geophones 21, 22, 23 which are 
located inside the geophone unit 6, after the balance wheel 
with its mechanical eccentricity 17 has stopped, so that the 
vibrations have ceased and the geophone unit 6 has stationed 
itself in the survey position. 

Advantageously, the vibrator 14 can be maintained in the 
correct position against the interior of the housing, for 
instance by means of a shoulder 25. 

The design of the geophone itself and the recording of 
data have not been stated more closely, since known techni- 
gues are used here. 

In Fig. 3 the burying of the geophone unit 6 due to the 
vibration is shown in more detail as the sensor 4 is shown in 
a perspective view. The dotted lines show which position 
that the geophone unit 6 can assume after the vibration phase 
is ended and the survey is to begin. Since the geophone unit 
6 preferably contains three geophones 21, 22, 23 that record 
signals in three ortogonal directions, as well as a three 
dimensional compass 18 and inclinometer 19, the received 
signals can be associated with a determined reference network 
of co-ordinates and give unambiguous signals no matter which 
position and orientation each individual geophone unit 6 
adopts in space. Likewise the attachment via the flexible 
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suspension 13 , as well as the cylindrical surface of the 
geophone unit, will mean that the geophone unit 6 is easily 
towed away when the cable, after the concluded survey, is 
towed in the direction indicated by the arrow 20. 
5 Many different modifications of the present invention 

can be contemplated. Thus, the vibrator 14 can be designed 
in other ways than described above. It may for instance be 
designed as a linear piston which is moved back and forth and 
thereby vibrates the geophone unit in one plane only. If 

10 such a linear piston is located in the same direction as the 
axis of the geophone unit, the vibration can also be executed 
in the axial direction. A combination of several different 
vibration generators is also comprised by the scope of the 
present invention. An unbalanced rotation motor as shown in 

15 Fig. 4 can also be equipped with, for instance, an arrange- 
ment which yields abrupt, axial stroke movements similar to 
the arrangement in a percussion drill. Likewise it must be 
pointed out that the vibrators can be driven both electri- 
cally, hydraulically and/or pneumatically. The geophone unit 

20 6 is preferably designed in such a manner that it obtains 

approximately the same specific weight as the material on the 
ocean floor, most often about 1.7 or in any case between 1.5 
and 2.0. Likewise the mass in the vibrator itself can const- 
itute a relatively large portion, for instance up to about 

25 10% of the mass of the geophone unit, so that sufficient 

force is obtained during vibration. Likewise the choice of 
material for the geophone unit 6 can be of a certain importa- 
nce for the ability of the unit to dig itself down into the 
sea bed 3. It is however preferred that the geophone unit 6 

30 has a rough or even uneven surface, so that when it has 

obtained good mechanical contact with the particles in the 
environment it no longer moves easily in relation to these. 
The orientation of the geophone unit after ended vibration 
can be detected by the inclinometer and the compass. 

35 The frequency at which the vibrator operates can vary 

within wide limits. As an example it can be mentioned that 
the frequency can lie between 50 and 150 Hz. However, lower 
frequencies can also be contemplated. In particular environ- 
mental conditions some specific frequencies can be advan- 
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tageous. Further, it can be mentioned that the frequency can 
vary in a controlled manner. When a vibrator with rotating 
eccentricity is used, the vibrator can thus be started with a 
low but increasing rotational speed and be maintained at 
maximum r.p.m. for a predetermined period before the rota- 
tional speed is reduced again before it stops. Any progres- 
sion of the vibrational frequency thus lies within the scope 
of the present invention. 

The geophone unit can also be equipped with more than 
one vibrator and the different vibrators can vibrate on 
different planes and/or along different axes and vibrate at 
different or similar frequencies and amplitudes. 

It shall be noted that the cable on the sea bed can also 
with advantage comprise hydrophone units which then can with 
advantage be placed in the pressure container 12. The press- 
ure container 12 can also contain a data unit for signal 
digital izat ion and signal amplification. Such a data unit 
can also process the acquired data and intermediately store 
them and/or transmit them. The frame structure 7 can consist 
of metal and can be welded to the pressure container 12 so 
that the cable elements from the cable 2 can be divided in 
two groups each passing through its own side of the frame 
structure and having branches leading into the pressure con- 
tainer 12 to be connected by the suitable connections to the 
compass 18, the inclinometer 19, the geophones 21, 22 and 23 
as well as the motor 16. If the sea bed cable is equipped 
with a hydrophone, this must also be connected to the correct 
elements in the cable. This connection is then preferably 
established directly via the connector 11. Finally, the 
geophone unit can have other geometrical shapes, the cross- 
section may for instance be oval or polygonal. 
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Claims 



1. A method for carrying out marine seismic measurements by 
using a sea bed cable comprising a cable (2) and sensors (4) 
for detecting seismic signals, said sensors (4) comprising 
geophone units (6) which rest in the measuring positions on 
the ocean floor during measurement of the seismic signals and 
where the sea bed cable is moved along the sea bed (3) to its 
next measuring position between the measurements, 
characterized in that the geophone units (6) , 
before the measurements are started, are subjected to vibra- 
tions so that they assume rest positions in good contact with 
the ocean floor (3) . 

2. A method according to claim 1, 

characterized in that the vibrations the geo- 
phone units (6) are subjected to take place in at least one 
plane and/ or along at least one direction of axis and have a 
variable and controllable frequency. 

3. A method according to claim 1 or 2, and where the geo- 
phone unit (6) is a substantially elongated, cylindrical unit 
which is free and unconnected at one end, 

characterized in that the vibrations in each 
case are generated substantially at the free end of the 
geophone unit (6). 

4. A seismic cable to be used on the sea bed and comprising 
locally disposed sensors (4) placed at intervals along a 
cable (2), said sensors (4) comprising geophone units (6) 
adapted to be situated on the ocean floor while seismic 
signals are detected, 

characterized in that the geophone unit (6) is 
movably disposed within a surrounding symmetrical frame 
structure (7) containing through passages for said cable (2) . 

5. A seismic cable according to claim 4, 

characterized in that the geophone unit (6) is 
connected to the cable (2) which is located inside the frame 
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structure (7) via at least one flexible connection (9,13) 
disposed at one end of the geophone unit (6) , and that the 
cable (2) passes through the frame structure (7) to the next, 
succeeding sensor (4) in the series of sensors (4) along said 
cable (2) . 

6. A seismic cable according to claim 4 or 5, 
characterized in that the geophone unit (6) 
which preferably has approximately the same specific weight 
as the mass on the ocean floor, is suspended centrally in the 
frame structure (7) at the end where the flexible connection 
(9,13) with the cable (2) is located, while the opposite end 
of the geophone unit (6) is completely free without any 
connection with the frame structure (7) or said cable (2). 

7. A seismic cable according to one of claims 4-6, 
characterized in that the geophone unit (6) is 
an elongated, cylindrical member which at its first end is 
equipped with the flexible connection (9,13) to the frame 
structure (7) , at its middle section (16) is equipped with 
geophones, compass and inclinometer, and at its second free 
or distal end is equipped with at least one vibrator (14) 
adapted to apply the vibrations to the geophone unit (6) in 
at least one plane and/ or along at least one axis. 

8. A seismic cable according to claim 7, 
characterized in that the vibrator(s) (14) 
comprise (s) at least a rotating and/ or resiprocating motor 
(16) with an asymmetric weight (17), said motor being powered 
via the flexible connection (9,13) by the cable (2). 

9. A seismic cable according to one of claims 7-8 
characterized in that the vibrator (14) is 
electrically powered. 



10. A seismic cable according to one of claims 7-8, 
characterized in that the vibrator (14) 
hydraulically or pneumatically powered. 



is 
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